
, 
1 C o n t r a c t  N k S  1 - 3 2 4 4  



. 

H U G H E S  A I R C R A F T  C O M P A N Y  

A E R O S P A C E  G R O U P  

MATERIALS TECHNOLOGY DEPARTMENT 

Culver City, California 

RIGIDIZED INFLATABLE SOLAR ENERGY 
CONCENTRATIONS 

Period of February 1964 to May 1964 

by 
S. Schwartz 

. 
THIRD QUARTERLY PROGRESS REPORT 

NASA Contract NAS 1-3244 

NASA Control No. L-2923 

Date of Publication May 1964 

National Aeronautics and Space Administration 
Langley Research Center, Langley 

Station, Hampton, Virginia 

APPROVED: 

W. H. Colner, Manager 
Materials Technology Department 

Hughes Aircraf t  Company - Culver City, California 



CONTENTS 

. 

Abstract 

Introduction 

Poly es te r  Re  sin Inv e s tigation 

Syntactic Foam 

Polyester Resins . 
Shrinkage Tes t s  

Adhesion Tests  

Polyester Parabolas 

Epoxy Resin Investigation 

Syntactic Foam 

Adhesion Tea ts  

"Special" Epoxy Resin Tests 

Mylar Film Tes ts  

Future  Plans 

1 

3 

5 

5 

7 

8 

9 
10 

15 

15  

19 

23 

25 

27 

... 
111 



ILLUSTRATIONS 

Figure  1. Mylar surface showing a fabric pattern . 11 

Figure  2. Pat ternless  distortion surface,  due to uneven 
shrinkage 12 

Figure  3 .  One-foot diameter Wyandotte polyester parabola 
with low r e s i n  content, fine weave cloth . 14 

Figure  4. Typical blistered parabola 18 

TABLES 

Table I. Polyester shrinkage tes t s  9 

Table 11. Polyester-pr imer  adhesion tes t s  . 10 

Table 111. Blister and adhesion t e s t s  on epoxy syntactic 
foam 19 

Table IV. Cleaning techniques tes t s  21 



/ I  ABSTRACT 

The investigation of polyester syntactic foams did not resul t  in a 

satisfactory sys tem.  Solid, low shrink polyester res ins  were inves - 
tigated, and two mater ia ls ,  Wyandotte PR 242 and FMC Dapon My 
showed promis e .  

CS2414, is the best  p r imer  for  polyester res ins .  

weight fabric, combined with as low a res in  content as possible, resul ts  

in the best  optics with the polyester system. 

Adhesion tests indicated that the polysulfide material, 

The use of the lightest 

Techniques were developed for  distributing the epoxy syntactic 

A s e r i e s  of tes ts  was foam evenly using a wedge type spreader  b a r .  

made to determine the causes and possible remedies for  the Mylar 

blistering a f te r  post-cure. 

cure  give the best  resul ts .  

Evacuation before cure  and a vacuum post 

Two new epoxy hardener systems curing 

4 a t  2 0 0 ° F  were investigated for  use in  the syntactic foam. 
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I N  TRODUCTION 

The principal objective of this program is to develop a technique 

for fabrication of a so lar  energy collector for  use  in  a space environ- 

ment .  

E a r t h  and should be capable of automatic inflation and rigidization in  a 

space environment. The collector is to be made in  a lenticular shape, 

one surface utilizing a n  aluminized Mylar film as the reflector,  and 

the other surface a c lear  plastic to ac t  simply as a pressurization 

member .  

would be rigidized by a pre-applied coating. 

This collector should be fabricated as a compact package on 

After inflation to the desired shape the reflective surface 

Prel iminary tests of a n  ultraviolet radiation catalyzed polyester 

f iberg lass  rigidizing system- i d i c z t e d  that this r,cr,r,ept appeared feasi- 

ble .  

(1) production of a satisfactory bond f rom the rigid laminate to the 

Mylar film, (2) obtaining a satisfactory optical surface on the alumi- 

nized Mylar and (3) obtaining a satisfactory figure in the formed and 

rigidized Mylar. 

The major  problems in  fabricating t h e  paraboloid appea- r  to be: 

In the work done during the first three months of the project i t  

appeared that techniques could readily be devised to obtain a satisfactory 

bond to the Mylar. 

however, was fa r  f rom satisfactory in  the preliminary t e s t s .  The 

major  portion of the work done during the second three  months there-  

fore  was devoted to techniques of improving the optical surface.  It 

was found that the use of a n  epoxy syntactic foam gave a n  excellent 

optical surface,  as well as satisfactory rigidization. During the 

ensuing quarter  then, efforts were devoted to improvement of both the 

polyester rigidization sys tem and the epoxy syntactic foam sys tem.  

The optical surface produced by these techniques, 

3 



POLYESTER RESIN INVESTIGATION 

SYNTACTIC FOAM 

Previous tes t s  had established that rigidization by use of a 

syntactic foam resul ts  in a superior optical surface after cure.  

f irst  syntactic foams investigated utilized room temperature  curing 

epoxy res in  combined with phenolic microballoons. 

parabolas were rigid and lightweight and had excellent optical 

surfaces.  However, attempts to use phenolic microballoons in con- 

junction with UV catalyzed polyester res ins  were  unsuccessful because 

of the opacity of the phenolic f i l lers  which prevented m o r e  than a su r -  

face cure.  

sc;iiiei?ihat 

m2tel-y .030 izch deep in a fe-w h o u r s .  

c e s ses  further efforts were  made to develop a UV activated polyester 

syntactic foam which would cure  throughout its thickness. 

The 

The resulting 

Substitution of glass microballoons for the phenolics w a s  

successiui in that  initially a cure was obtained approxi- 

Eecause of these initial suc- 

The first tes t s  made with glass microspheres  and polyester res ins  

utilized silica "Siloons" distributed by the American Reinforced Plas t ics  

Company. 

res in ,  American Cyanamid Laminac 4123, and benzoin a s  a catalyst. 

It was  found with this combination that a rapid surface cure  took place, 

followed by a further cure  to a depth of approximately .030 inch. 

w a s  felt that the opacity of the particular microspheres  might be causing 

the poor cure.  

to be more  t ransparent  when examined under a low power microscope. 

However, t es t s  with the Laminac 4123 res in  and the Eccospheres gave 

approximately the same resul ts .  

This mater ia l  was used in conjunction with a styrene based 

It 

Samples of Emerson and Cuming Eccospheres appeared 

Tests  were  then made with a diallyl phthalate based res in ,  Hooker 

Chemical Company, Hetron 103, which, perhaps because of a slower 

curing ra te ,  showed l e s s  tendency to a "skinning" effect and a more  

complete cure .  The addition of benzoyl peroxide a s  a secondary catalyst ,  

then resulted in a mixture which would cure  nearly completely (. 093 inch 

thick) in a 24-hour period left outdoors in the sunlight. The optics 
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obtained, while not quite a s  good a s  the epoxy samples ,  were nevertheless 

fa i r .  

of local "patternless" distortion was found. 

found to be the most satisfactory,  was as follows: 

A good figure was obtained (visually judged); however, a good dea l  

The formulation which was 

Hetron 103 res in  100 p ts  

Ecco sphere s 30 pts 

Benzoin - T C P  mixture 2 pts  

Benzoyl peroxide - T C P  2 pts 

Cab -0-Si1 3 pts  

This mixture (excluding the glass beads) was found to show very  

With the addition of little signs of gelation, for a s  long a s  two weeks.  

the glass microspheres the mixture showed signs of gelation in  

2 4  hours .  However, the mixture did remain usable for severa l  days.  

The above mixture,  in an 093 to . 125 inch thickness did not cu re  

completely at  room temperature.  Therefore thermal  tes t s  were  also 

made placing a pressurized parabola in an oven maintained at 180°F. 

It was found that,  i f  the temperature  was raised slowly (within 1-2 hours)  

to 180"F, and then maintained at  180°F for  two hours that a considerably 

strengthened parabola resulted. 

probably exist in space this procedure has been adopted. A rapid r i s e  

in temperature ,  on the other hand, resulted in a considerably deter io-  

rated optical surface,  due to warpage and "orange peel" formation. 

Inasmuch a s  such a condition would 

Another disadvantage to the use of the Emerson and Cuming 

These Eccospheres is  the weight of the syntactic foam produced. 

microballoons have a bulk density of 10-1 1 pound/cubic foot, approxi- 

mately three t imes  that of the phenolic microspheres.  

In an  attempt to make lower weight syntactic foams another 

type of glass spheres  was obtained from the Hastings Plast ics  

Company, of Santa Monica. These beads,  t rade named "Globe-0-Sil, I '  

had a density of approximately 3 - 1 / 2  pound/cubic foot. 

in tes ts  with the Hetron 103 res in  i t  was found that an  adequate 

cure  was not obtained, in thicknesses of approximately . 100 inch, 

However, 
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when the samples  were le f t  in the sun for as long as 48 hours.  This 

fi l ler  then ei ther  inhibited cure ,  o r  prevented adequate absorption of 

the UV radiation. Work w a s  therefore discontinued on the polyester 

based syntactic foam. 

POLYESTER RESINS 

Since the use  of Hetron 103 (a diallyl phthalate monomer res in)  

gave bet ter  optical resul ts  than the styrene modified mater ia l s  it was 

decided to obtain a number of solid res ins ,  and formulate ma te r i a l s  

using DAP as  the reactive monomer. 

used in these tes ts .  

PR-2412, previously tested with styrene. Another type of res in  was 

Three types of mater ia l s  were  

These included a Wyandotte solid, polychloroester 

A F n n A  - v u  -.&--*-&&*I& M a  rh;norjr c.crpcr-tic?.m's DAAPQN 'f).{, 1 '  2 part ial ly pclyrr ,er ized 

diallyl phthalate 

mixtures  obtained from Diamond Alkali. In this ca se  the isophthalic 

component is the low shrink member and the maleic r e s in  is used to 

inc rease  reactivity. 

Alkali, (a) Dion-Iso #6421, a 1:l mixture,  (b) Dion-Iso #6424, a 1:2 

mixture  of isophthalic and maleic and Dion-Iso K-188, a 1:3 mixture.  

The third type nf resins were is~phthal ic  -maleic 

The following res ins  were obtained f rom Diamond 

The initial t es t s  were  made of the Wyandotte and Diamond Alkali 

r e s ins  using 40 percent DAP a s  the monomer with 2 percent  benzoin 

and 2 percent  benzoyl peroxide a s  the catalyst .  The Wyandotte r e s ins  

set  up in approximately 24 hours out of doors ,  to a Barcol  hardness  of 

35 to 40. The Dion res ins  af ter  approximately 48 hours set  up to a 

Barcol  hardness  of approximately 20  for  the most  reactive (K-188), to 

a hardness  of 10 to 15 for  the other res ins .  Since the Dion r e s ins  then 

apparently were  not reactive enough no fur ther  work was done with these 

mater ia l s .  

Additional tes ts  were  made with the FMC Dapon M res in  and the 

Wyandotte res in  using DAP monomer contents a s  low a s  18 percent.  

In both c a s e s  the viscosity was extremely high S O  acetone w a s  a l so  used 

to reduce the viscosity s o  fabrics  could be easi ly  impregnated. Lami-  

nates made with either r e s in  with a 25 percent  content of D A P  cured to 

7 



a Barcol hardness of approximately 30 to 40 in approximately 24 hours 

out of doors,  Laminates were also made with 18 percent DAP content. 

With this low a monomer content the Dapon M mater ia l s  only attained 

a hardness  of approximately 10-20 in a two-day sunlight cure .  

Wyandotte resins a t  this monomer content obtained a hardness  of 

approximately 30. 

The 

Room temperature storage tes ts  were also made of the Dapon M 

Twenty-five g ram samples of each and the Wyandotte PR-2412 resin.  

catalyzed resin were stored with varying amounts of hydroquinone a s  

an inhibitor. Inhibitor contents were approximately . 015, . 030, and 

. 045 percent a s  well a s  noninhibited samples for  controls. The Dapon 

M res ins  commenced gelation in one week, whereas  the Wyandotte has  

so fa r  been stable for approximately one month storage.  

laminates were made from time to t ime f rom the storage res ins  to 

check the activity. 

set  up satisfactorily in a 24-hour outdoor exposure. 

Small sample 

In these tes ts  the Wyandotte mater ia l s  appeared to 

SHRINKAGE TESTS 

An effort was made to determine the shrinkage exhibited by 

Fiberglass  laminates made using Dapon M and the Wyandotte res in .  

These tes ts  were made by laying up a 15 ply # lo3  glass  fabric laminate 

on a Teflon coated, polished ferrotype plate. The plate had two se ts  of 

fine scratch marks  placed, at 9 0  degrees  to each other,  seven inches 

and eight inches apart .  By measuring the original distances on the 

plate very  accurately, and then measuring the reproduced m a r k s  on 

the laminate, the coefficient of shrinkage could be calculated. Meas- 

urements  were made of the laminate after room temperature  UV curing 

and af te r  a 16-hour elevated temperature  cure .  

resul ts  of these tes ts .  

Table I shows the 
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Seven-Inch Dimension 
Original Post-Cure 

Shrinkage Shrinkage 
Inches / Inches / 

Inch Inch 

.0001 .00094 

.0016 .00190 

.0019 .00067 

I 

Mat e r ial 

-0003 

.002 16 
-00026 

Wyandotte PR-24 12 

Dapon M 

Laminac 4123 
( C ont r o  1) 

.0015 

.00235 

.00070 

Eight-Inch Dimension 

Table I. Polyester shrinkage tes ts .  

Because of the lack of agreement between the two directions of 

measurement:  in general a n d  h c c a ~ ~ s e  nf the c ~ ~ l f l i r - t i q  r r -easurements,  

i . e . ,  the standard styrene based res in  shrank l e s s  than either of the 

t e s t  res ins ,  it w a s  concluded that some e r r o r  exis ts  in the measure-  

ment. 

only approximately . 033 inch thick and usually shows a small  amount 

of warp. 

measurements .  Thicker laminates were  not des i red ,  however, since 

these would not be representative of the reinforcement actually used. 

It should be pointed out that the laminate after fabrication is 

This then could contribute to the difficulty in making accurate  

ADHESION TESTS 

One of the major  problems in the use  of the polyester r e s ins  con- 

cerned the poor adhesion of the polyester res in  to the Mylar surface.  

The use  of a p r i m e r  coat offered a considerable improvement in most  

cases .  

th ree  mater ia l s  would be best  for use.  

made up using Wyandotte res in-glass  cloth laminates laid upon a pr imed 

Mylar surface.  

tab on each end. 

climbing d rum peel tes t  fixture in accordance with MIL-STD-401A, 

"Sandwich Constructions and Core Mater ia ls ;  General  Tes t  Methods. ' I  

The p r i m e r s  tested and the results of the tes t s  a r e  shown in Table 11. 

A se r i e s  of tes t s  were  therefore made to determine which of 

Flat panel specimens were  

Each laminate was  3 x 10 inches with a 2 inch Mylar 

The Mylar was peeled f rom the laminate using a 

9 



P r i m e r  Source 

EC-776 

46950 

CS2414 Chem-Seal Corp. 

Minn. Mining & Mfg. Co. 

E. I. du Pont de Nemours Co. 

I Type of 
Fai lure  

Average Pee l  
Load, lb  

1 4 . 9  
13.2 

21.5 

90% adhesive 

100% cohesive 

100% cohesive 
1 

Table 11. Polyester-pr imer  adhesion t e s t s .  

F r o m  the resul ts  of the above tes t s  it may be seen that the 

CS-2414 (a polysulfide) was considerably superior to the other mate- 

rials.  Unfortunately, in la te r  tes t s  the mater ia l  was found very  

inconsistent, and did not show good strength a t  elevated temperatures .  

(The manufacturer c la ims this was due to change in formulation - 

Additional original formulation mater ia l  will be supplied for tes t .  ) 

POLYESTER PARABOLAS 

In fabrication of parabolas two types of optical distortion a r e  

usually found. 

the fabric pattern i s  usually visible, unless a relatively very  thick 

gel coat i s  used. 

polyester r e s ins -a re  used than when epoxies a r e  used. The effect i s  

a lso m o r e  pronounced when a relatively thick, coarse  weave fabric  

is  used as  compared to a thin, fine weave fabric. 

fabric pattern visibility (which only becomes visible during and after 

cure)  i s  the shrinkage of the res in  into the fabric interstices.  

wet laminate, laid upon a glass plate, appears  perfectly smooth a t  

f i r s t .  

in ters t ices  can be observed through the glass  plate. 

lower the resin shrinkage, the lower w i l l  be this effect. 

influencing this effect a r e  p re s su re  on the laminate, and the type and 

amount of reinforcement. 

force the laminate against the mold, and thus tend to "level out" the 

In those cases  in which a fabric reinforcement i s  used 

This effect has been found m o r e  pronounced when 

The reason fo r  the 

Thus a 

However, a s  the res in  cures  the shrinkage into the fabric 

Obviously the 

Other fac tors  

P r e s s u r e  applied during the cure  cycle will 

10 



hil ls  and dales  of the fabric .  

high amounts of f i l l e r s  o r  re inforcements ,  which have lower shrinkage 

coefficients than the res in ,  w i l l  also tend to minimize shrinkage. 

F igure  1 i l lustrates  a surface showing a fabr ic  pattern.  

By the same token the u s e  of relatively 

F igure  1. Mylar surface showing a fabric pattern.  

The other type of optical distortion mentioned above i s  uneven 

waviness,  and a so-called pat ternless  distortion which a l so  occurs ,  

sometimes when the fabric pattern i s  p resent ,  but m o r e  often when i t  

i s  not ( see  F igure  2 ) .  

caused by uneven res in  shrinkage before hardening takes place,  and 

by unequal amounts of r e s in  impregnation in the fabric reinforcement.  

Like the fabric pat tern distortion this effect should also be minimized 

by p r e s s u r e  and relatively high amounts of f i l l e r ,  par t icular ly  if the 

This pat ternless  distortion i s  believed to be 



Figure 2. Pa t te rn less  distortion surface,  due to uneven 
shrinkage. 

f i l ler  i s  high on a volume bas is .  

made with microballoon f i l l e rs  have been the best  so f a r ,  due mainly 

to the high volume ratio of f i l ler  to res in .  

The proof of this i s  that the parabolas  

In fabricating parabolas  utilizing UV catalyzed polyester r e s ins  

there  a r e  then a number of adverse fac tors  which exer t  an influence 

against the possibility of obtaining a shrink-free laminate.  F i r s t  is 

the fac t  that in polymerization of polyesters  the shrinkage i s  inherently 

high. 

of r e s in  systems which a r e  known to have low shrinkage. 

system includes a high proportion of prepolymerized diallyl phthalate 

in the mixture. 

Because of this ,  efforts a r e  now being concentrated on utilization 

One such 

By using approximately 2 5  percent  of liquid diallyl 

1 2  



phthalate the total shrinkage is cut down considerably. 

beneficial resu l t  of such a res in  system, instead of the more  conven- 

tional styrene monomer system, is a considerably lower rate  of 

reactivity,  which a l so  reduces shrinkage. Another res in  system 

being considered is a polychlorester,  PR 2412, f rom Wyandotte, 

Since this is a very new product not much information is available, 

save that the maker  c la ims it to have low shrinkage, a claim borne 

out by our prel iminary tes ts .  

Another 

Because of the mode of fabrication of the parabola it i s  impossible 

to exe r t  p r e s s u r e  on the laminate, therefore  no benefit i s  available 

f rom this p rocess  technique. 

be utilized a r e  the incorporation of the finest  weave fabric,  and a high 
f;llor or rcl;nfr\r,,-,,+ ^^I --A - - 1 - : - 7  1 
LA*&., L A bIIIIvl- L G 1 l l c ~ ~ ~  L u l L L L c : I l L  W I L L L I A ,  nuwever, must  permi t  passage 

nf T-JV r;rdiatic?n. 

and/or  types of f i l l e rs  usable. 

The only other fac tors  then which can 

This last requirzr lent  theii severely Iirriits the  amounts 

With the above factors  in mind a se r i e s  of six-inch diameter  

parabolas  were made using the 75 percent solid-25 percent  liquid DAP 

monomer res in  mixes,  with # lo3  f iberglass  as the reinforcement. 

one se r i e s  of tes ts  samples  were made using 5, 7 ,  10, 15 and 20 l aye r s  

of # l o 3  fabric  and one layer  of #120 fabric  laid on a #2414 polysulfide 

pr imed surface.  

pract ical ly  no fabric  pattern show through was visible.  

distortion, previously associated with polyester-fabric combinations, 

was a l so  considerably reduced. 

e i ther  the Wyandotte or  the FMC Dapon-M resin.  

was made to "rub out" the laminate to a s  low a res in  content as  possible.  

Resin content determinations were made of the 15 and 20 ply laminates 

and it was found they were 53 and 50 percent ,  respectively. 

contents on previous samples had been found to run 55 to 60 percent.  

Another significant tes t  made was fabrication of three six-inch 

In 

It was found that, using over 10 l aye r s  of fabric,  

The pat ternless  

The resu l t s  were very  s imi la r  with 

In all tes t s  an effort 

Resin 

parabolas using in one case  eight layers  of a light Dacron marquiset te  

fabr ic ,  another used six l aye r s  of # lo3  glass  fabr ic  and a third was 

divided into two halves;  one side covered with a 15 percent  Cab-0-Si1 

filled Wyandotte res in  and the other with a 60 percent  silica filled resin.  

13 



All of the samples cured satisfactorily,  however the g lass  re inforced 

ma te r i a l  appeared to cure  the fastest .  

reinforced mater ia l  was a l so  the best .  

determine if the organic fabr ic ,  with i t s  lower modulus, would show 

l e s s  distortion than the si l ica filled o r  g lass  re inforced fabric .  

the g lass  appeared best  no fur ther  work was done with the other 

ma te r i a l s .  

The optical surface of the g lass  

The object of this t e s t  was to 

Since 

The resul ts  of the above t e s t s  then indicate that the u s e  of thin 

fabr ic ,  low r e s in  content and ve ry  even impregnation should r e su l t  in  

the optimum laminate.  

in the same manner.  

not a s  good a s  the six-inch parabolas.  

ness  in impregnation. 

Several  one-foot d iameter  parabolas  were  made 

The optical resu l t s  were  somewhat mediocre ,  

This was attr ibuted to uneven- 

F igure  3 shows the bes t  of these parabolas .  

Figure 3 .  One-foot diameter Wyandotte polyester parabola 
with low res in  content, f ine weave cloth. 
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EPOXY RESIN INVESTIGATION 

. 

SYNTACTIC FOAM 

Previous tes t s  had indicated that a syntactic foam, utilizing an 

epoxy res in  and Union Carbide Company phenolic microballoons, gave 

an excellent optical surface. 

parabolas were made using this material, in  each case  using either 

di ethylenet r iamine (DT A) o r  diethylaminop ropylamine (Shell catalyst A) 

a s  the hardening agents. W i t h  DTA a working t ime of approximately 

1 hour w a s  the maximum whereas with hardener  A a working t ime of 

approximately 3 to 4 hours  w a s  found. 

preliminary tes t s  was very important since one of the major  problems 

A number of one and two foot diameter 

This working time, in these 

.-,:+I. +I.- m ---- * -.-.-+--+:- ^^ -  ..I.^- 
v v i u l  L A A b  Lyuhy a y A i L a L L L L  f",,, w e a  the devclopiileiit of 5 s ~ t i s f ~ c t o ~ < y  

technifl17- 'I- - tz mlifGr*T*lly sprezd the f G 2 3  G v e r  the ,h*y?,r sxrface. 

vious techniques t r ied included hand spreading by trowels and spatulas, 

flattening with a roller,  and pressing using a laminating press .  

latter method was considered best, but not too practicable for five foot 

o r  l a rge r  diameter parabolas. 

Pre-  

This 

Two techniques have been developed which appear to be satisfac- 

In one method a ball of foam paste  is placed on top of the Mylar tory. 

and a metal  plate is placed on top of the foam and another under the 

Mylar. 

vacuum is drawn. 

can be forced down to a uniform thickness in one to three  hours.  

a system can then be used for any s ize  par t ,  provided that a stiff 

enough plate is used, o r  that a large enough plate is available. 

other system, which is also applicable to five foot o r  l a rge r  parabolas, 

consists of the use of a wedge shaped spreader  bar.  This ba r  functions 

similarly to a doctor blade, except that the bar ,  when being drawn 

ac ross  the Mylar, i s  held at  a 45 degree angle to the surface. 

effect then is  to draw the paste  in  the direction of motion, but also a s  

the ba r  moves the paste is forced down on the Mylar. 

nique very uniform spreads have been obtained. 

The entire assembly i s  then placed in a polyethylene bag and a 

Depending on the stiffness of the foam the mater ia l  

Such 

The 

The 

Using this tech- 
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In addition to the spreading technique tes t s  a s e r i e s  of samples 

was made t o  determine the optimum percent of microballoons to be 

used in  the foam. 

of phenolic microballoons could be incorporated into Epon 828 res in  

without the aid of a thinner such as acetone. 

i s  extremely dry and is  almost impossible to spread. 

this mixture has  quite a low density and, because of i t s  bulk has  a 

relatively high stiffness-to-weight ratio. The optical surface, however, 

appeared slightly grainy. Mixtures made with a s  low a s  15 percent 

microballoons, on the other hand a r e  soft and a r e  easily spread and 

have the disadvantage of flowing markedly before final cure. 

cal  surface with such a mixture appeared somewhat better than the 

highly filled mixtures. 

22-1/2 and 30 percent of microballoon content. 

all applied to approximately 120 degree segments of a one-foot diameter  

parabola so as to obtain identical conditions in  the Mylar, during cure,  

etc. 

f rom the standpoint of optics, and adhesion to the pr imed Mylar. 

mixture  then w i l l  be used for  future tests.  

It was found that approximately 50 percent by weight 

However, such a mixture  

When cured, 

The opti- 

Samples were accordingly made up with 15, 

These mixtures  were 

After cure, the 22- 1 / 2  percent mixture  appeared to be the best  

This 

In the development of techniques for spreading the syntactic foam 

it was found necessary to use  a parting film between either the rol ler  

o r  a flat  pressing plate in order  to insure removal of either tool. 

ever,  because of the excessive tackiness of the foam i t  was also found 

extremely difficult to remove the parting film f rom the uncured foam. 

Films t r ied  included polyethylene, polyvinylchloride, Mylar and cello- 

phane. In attempting to pull off the film it w a s  found that invariably 

la rge  a r e a s  of foam would also be pulled off. A procedure was then 

developed where, using dry ice  and acetone, the foam could be flash 

frozen, after which the film could be easily removed leaving a very 

smooth and uniform surface. 

the syntactic foam uniformly to a c i rcular  a r e a  marked  on a flat sheet 

of Mylar. 

fixture and f i rs t  stretched and then held at the relaxed pressure ,  after 

which the foam i s  allowed to cure. 

How- 

The method then adopted is to f i r s t  apply 

The foam covered Mylar is then installed on the p re s su re  

16 
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In al l  the syntactic foam tests made, as outlined above, room 

temperature  hardening agents were used, mainly for convenience, 

until the fabrication details were  developed. It was found that, using 

catalyst  A, a parabola could be rigidized very satisfactorily by being 

maintained under p re s su re  for 16 to 20 hours. 

cedure did not (in 20 hours)  result in maximum strength. 

t reatments  were then initiated, both to further strengthen the foam 

rigidized parabolas, and to determine the effect of heat  on the structure.  

It was found that the parabolas could be heated as high as 240"F, without 

marked  distortion, provided that the p re s su re  was decreased during the 

cu re  so a s  to maintain a constant curvature. It w a s  also found, that the 

temperature ,  on the mater ia ls  tested, had to be gradually ra ised (at a 

r a t e  of approximately 60 degrees/hour in o rde r  not to suffer excessive 

distortion. 

However, such a pro-  

Pos t -cure  

Li the iriiiiai heating tes t s  severe delamination was found to take 

place. A number of 

tes t s  were run on the Mylar film and it was found that shrinkages as 

high as 1 . 6  percent could be obtained in one hour at 325°F. 

the shrinkage was approximately . 6 8  percent in one hour with an 

increase  to . 8 2  percent in 16 hours. 

a lmost  an asymptotic value, this procedure will be used to "preshrink" 

all future Mylar used. 

This was attributed to shrinkage in the Mylar. 

At 250°F 

Since this last value represents  

It would appear that the preshrinking operation should be done at  

3 2 5 " F ,  in o rde r  to secure  maximum shrinkage. However, visual 

examination of the samples heat treated a t  3 2 5 ° F  indicated a slight 

diminishment of the brilliant luster, s o  the lower temperature  will be  

used. 

Epoxy syntactic foam parabolas using preshrunk Mylar then 

showed much l e s s  evidence of severe delamination af ter  a post-cure 

heat  treatment. However, in  most cases  a post-cure of such parabolas 

resulted in  production of a grea t  many b l i s te rs  appearing on the surface 

of the Mylar. 

f rom possibly three causes;  (a) air  bubbles in the foam which expanded 

under heat, (b)  poor surface preparation of the Mylar so the p r imer  did 

It was surmised that these bl is ters  could have resulted 

17 



not hold o r  (c )  a poor bond between the p r i m e r  and the reinforcement.  

In some cases  i t  was believed the b l i s t e r s  may have been the resu l t  of 

a combination of all  t h ree  causes  plus additional s t r e s s e s  se t  up the 

Mylar by the heat treatment.  

section. 

Figure 4 i l lus t ra tes  a typical b l i s te red  

F igure  4. Typical bl is tered parabola. 

Examination of some of the bl is tered parabolas  showed that in a 

few c a s e s  a i r  bubbles had been entrapped between the foam and the 

Mylar film. 

tively removed most  of the air. Parabolas  made  with evacuated foam 

were  improved somewhat with regard  to bl is ter  formation, but all the 

post-cure b l i s te rs  were  not removed by this t reatment .  

Subjecting the foam to a vacuum pr io r  to installation effec- 

18 



ADHESION TESTS 

A number of special t es t s  were made on flat Mylar panels in  an 

attempt to isolate the causes  for  the major  portion of the bl is ters .  

se t  of tests w a s  made to determine the effect on blistering and the dif- 

ferences in adhesion of the foam to three  types of surfaces.  This tes t  

w a s  also designed to tes t  the effect of several  p rocess  conditions. 

t es t  w a s  made as follows: 

w a s  cleaned with reagent acetone, pr imed with DuPont #46950 p r imer  

plus 3 percent of curing agent 805. Af te r  air drying the p r imer  over- 

night it w a s  oven cured at 300°F  for three minutes. 

divided into two sheets, A and B. One-half of sheet A w a s  coated with 

a thin coat of DTA catalyzed Epon 828 and allowed to cure  overnight. 

One 

The 

a 4 ft. x 16 inch sheet of preshrunk Mylar 

The sheet w a s  then 

C h n o f  R + L a  nnvf A-,.- -,.-c-d .----- --- L - 1 2  :A- 2- - -  --.:AL 
Y A A b U C  44, b * X b  IlbAI, u-y, v v a a  L u s I c c u  u v = L  ulic -1lau L L a  a u ~ ~ a ~ c  W L U L  z thiii 

cost  of a sim-ihr "p"-q' r e s i n .  Beth sheets  were the:: ixmnediatebr Y 

coated with a layer  of syntactic foam made to the following formula: 

Epon 828 - 100 pa r t s  

Phenolic microballoons - 22- 1 / 2  par t s  

Cab-0-  Si1 - 4 pa r t s  

Cat aly s t A - 8 pa r t s  

This tes t  then gave two sheets of material, essentially identical, 

except for th ree  different pr ime coats; #46950 plus 805 curing agent, 

#46950 plus a cured epoxy coat and #46950 plus a wet epoxy coat. 

foam coating, each sheet was cut into four par ts .  

subjected to a different processing t reatment  ranging f rom a simple 

room temperature  cure  to a vacuum cure  plus a post-cure in vacuum. 

Table I11 shows the various types of processing t reatments  used to cure  

the foam, and the resul ts  secured f rom the standpoint of b l i s te rs  and 

adhesion. 

Adhesion, however, w a s  checked by attempting to peel the two mil 

Mylar away f rom the hardened foam reinforcement. 

After 

Each pa r t  w a s  then 

The presence o r  absence of b l i s te rs  w a s  observed visually. 

As a result  of the foregoing it w a s  concluded that the use  of an 

epoxy p r ime  coat was probably more beneficial than the use  of the 

#46950 pr imer ,  particularly when used with the epoxy foam. Fur ther -  

more ,  it w a s  very evident that room temperature  cure  followed by a 
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post-cure w a s  not a beneficial procedure. Thirdly, it appeared that 

heat curing of the foam under vacuum conditions resulted in the best  

part. Since this la t ter  procedure w a s ,  in  fact, what would be used in  

production of the actual parabola, in space, it w a s  concluded that the 

majority of future tes t s  should be run in this manner. 

In o rde r  to verify the results and conclusions reached above, and 

to tes t  various cleaning techniques a few m o r e  tes t s  were  run, using the 

"old" room temperature  cure  and post-cure technique. 

an 18 x 18 inch piece of 2 mil Mylar w a s  divided into three  par t s .  One 

pa r t  w a s  well scrubbed with Ajax household cleaner and water followed 

by a distilled water rinse. 

ingdale Rubber Company Pre-bond 700, a special cleanser used in  prep- 

aration of stainless steel  p r ior  to bonding, and the third section w a s  

scrubbed with several  applications of reagent acetone. Half of each 

panel w a s  coated with #46950 plus curing agent 805 and half w a s  coated 

with Epon 828 plus 10 percent catalyst A, laid directly on the Mylar, 

and allowed to cure  overnight. All  panels were  covered with approxi- 

mately 1 / 8  inch of syntactic foam using 30 percent of phenolic micro-  

balloons and 8 percent DTA a s  the catalyst. 

temperature  cured for 16 hours  and were then given a three-hour post- 

cure  at 180°F. 

In these tes t s  

A second section was cleaned with Bloom- 

The panels were room 

Another se t  of panels was made exactly as above except that the 

foam w a s  made using catalyst A instead of DTA. 

s e r i e s  of tes t s  a r e  shown in Table IV. 

The resul ts  of both 

The resul ts  shown in Table IV, while contradictory in the adhesion 

resul ts ,  do indicate that both the Ajax  c leanser  o r  thePre-bond 700 a r e  

better than the use  of acetone. 

an excellent bond could be achieved f rom the foam to the Mylar, without 

the need for a special p r imer  coat. 

in adhesion shown by the two foams is due to bet ter  wetting of the Mylar 

by the slower curing catalyst A. 

It also indicated that, with catalyst A, 

It is  surmised that the difference 
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"SPECIAL" EPOXY RESIN TESTS 

All of the above tes t s  were made using res in  systems utilizing 

room temperature  catalysts. Such catalysts would, of course,  not be 

pract ical  for ultimate usage because of their  extremely limited shelf 

life. 

which could be catalyzed and which would remain flexible for at leas t  

one month at room temperature,  and which could then be cured in a 

moderate t ime at temperatures  not exceeding 240 O F .  Currently, two 

such sys tems a r e  available. One system has recently been produced 

by the General Mills Corporation. Two samples of this type of mate-  

r ia l  have been procured, XW-100 and XW-101. 

component mater ia l s  with a claimed shelf l ife of at leas t  two months at 

An investigation was therefore made into epoxy res in  systems 

Both mater ia ls  a r e  one 

rn~- -  ~ ~ F - ~ Q Y S ~ T I Y ~ .  +ha C 4 r - f  - w c . l : - : - - - - .  c, . -c -  ---2 I---:-- L - -  --.- -+a- A L A  a b  Y L  L A L I L I L I A Q I  y L C ~ L : ~  ~ U U U  I C L I I I L ~ ~ ~ L ~ : ~  W O L ' ~  r------ 

m a d e  by heating for  qpro-u-irr-ztely 34 h u r s  2t 250" and fo r  approxi- 

mately 72 hours  a t  180°F. While these cure  times may be somewhat 

excessive, the mater ia l  does appear to offer promise  of being usable 

for this application. 

mately 50 percent  of thinner incorporated into the resin,  neither was 

judged too suitable for space application. Consequently, no syntactic 

foams have been made with either resin. A request has  been made to 

the vendor for  ur,thinned resin. 

Since both mater ia ls  were supplied with approxi- 

The second system being investigated concerns the u s e  of a new 

catalyst  being produced by the U. S. Borax Company. 

USB 110, a borate, 2-(p - dimethylaminoethoxy) -4 methyl 1, 3, 

2-dioxaborinane, can be mixed with the res in  with no reaction at room 

temperature ,  other than a s l i g h t  viscosity change. Prel iminary tests 

with the catalyst and two resins, Shell Chemical Company Epon 828, and 

Union Carbide Company ERL 2795,indicate that at 240°F cure  takes 

place in approximately 24 hours  and approximately 48 hours  at  200°F. 

Further ,  quantitative tes t s  a r e  also planned for this system. 

This catalyst, 
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MYLAR FILM TESTS 

. 

k 

As a consequence of the various operations which a r e  performed 

on the Mylar it was found virtually impossible to avoid damage to the 

aluminized surface.  

f r o m  the Spraylat Corporation, was  found to give excellent protection 

to the sur face .  This material, however, will not withstand the pre-  

shr ink heat treatment operation. 

applied to the film immediately after pre-shrinking by the G. T. 

Schjeldahl Go., and will be left on during the mosaic fabrication and 

the parabola fabrication. 

siderable improvement of the final product. 

A protective strippable coating , Spraylat SC- 1071 

It will therefore be requested to be 

It is believed this should resul t  i n  a con- 

Another t e s t  m-adc with the Mylar c c ~ s i s t e d  of m-aking s e ~ . r ~ r a l  

parabolas with three  mil material ,  instead of two mil. 

thicker Mylar appears to result in a better optical surface.  

t es t s  are planned with this mater ia l  and also five mil mater ia l ,  which 

at  present is not available. 

The use of the 

More 
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F U T U R E  PLANS 

F o r  the next quarter  i t  is planned to investigate the following: 

1. Additional elevated temperature tes ts  will be made on small 

parabolas in  a vacuum, to develop the optimum fabrication technique 

for each sys tem.  In particular it is planned to investigate the use  of 

a silicone RTV adhesive as a heat resistant p r imer  for  the polyester. 

In conjunction with the p r imer  it is planned to examine nylon s t re tch  

fabric,  felts and similar loose fabrics as mechanical lock fabrics to 

achieve improved adhesion at  elevated temperatures .  

2 .  Additional tes ts  will be made to develop a n  optimum epoxy 

res in  which cures a t  200 - 240 O F  and s t i l l  has good catalyzed shelf life 

3. Ere~ t i e f i  2nd rigidizati~:: t e s t s  -*-ill be initiated 011 tilt: full 

s ize  parabola. 

4. Flat panel specimens w i l l  be  prepared for  mechanical, 

thermal  and radiation tests. 
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